The extent of mercury contamination in Surinamese food Ashes due to small-scale gold mining was investigated by determination of the total mercury concentration in 318 freshwater Ashes, 109 estuarine Ashes, and 110 Ashes from the Atlantic Ocean. High background levels were found in the piranha Serrasalmus rhombeus (0.35 g Hg g 
INTRODUCTION
The recent gold rush in South America was triggered in 1980 by the discovery of a large goldmine in Serra Pelada, Amazon Region, which ultimately produced 90,000 kg gold from a single open pit (Veiga, 1997) . From the Amazon the fever spread to neighboring countries such as Venezuela, Guyana, French Guiana, and Suriname. Small-scale gold mining in Suriname started in 1876 (De Vletter and Hakstege, 1998) . At its height in 1907 the industry produced about 1200 kg gold annually, but after 1910 production declined sharply to a level of $200 kg gold year\ 1 in the period 1930}1970 (Bosma et al., 1973) . The revival of small-scale gold mining in 1990 may be explained by the rise in the price of gold during the 1970s, the deterioration of the economy in Suriname, the immigration of Brazilian miners, and the presence of foreign prospecting companies. It is estimated by the Geological and Mining Service of Suriname (G. M. Gemerts, personal communication) that at present some 25,000}35,000 workers are involved in uncontrolled small-scale gold mining in Suriname (population 400,000). Approximately 30% of the gold production is registered in of7cial 7gures (G. M. Gemerts, personal communication), a substantial part of the gold being sold illegally or smuggled out of the country. The estimated production of gold increased from 10,000 kg year\ 1 in 1995 (De Kom et al., 1998) to 20,000 kg year\ 1 in 1998 and 1999.
In Suriname, small-scale miners exploit alluvial gold deposits with simple equipment such as batea, sluice box, and suction dredge (De Vletter and Hakstege, 1998) . Gold is recovered by gravimetric preconcentration of the heavy fraction of the sediment and amalgamation with mercury. Retorts are not known by the miners and the amalgams are burnt in open pans. The mercury loss to the environment, estimated at 1 kg Hg for the production of 1 kg of gold (Pfeiffer et al., 1993; Veiga, 1997) , is 20,000 kg year\ 1 . Approximately 55% of the volatile mercury is lost to the atmosphere and 45% is lost to the rivers (Pfeiffer and Lacerda, 1988) . Aquatic microorganisms transform the metallic mercury into the extremely toxic compound methylmercury (Morel et al., 1998) . Because methylmercury is assimilated rapidly and eliminated slowly by aquatic biota (Morel et al., 1998) , mercury accumulates in the form of methylmercury via the food chain in top predators such as piscivorous 7sh (Huckabee et al., 1979; Windom and Kendall, 1979) and ultimately in 7sh-eating people. Akagi et al. (1995b) showed that over 90% of the mercury in 14 Amazonian 7sh species was in the form of methylmercury. As a result of biomagni7cation through the food chain the ratio of the concentration of (methyl)mercury in 7sh tissue to that in water can be extremely large, usually in the order of 10,000}100,000 (WHO, 1990; Bidone et al., 1997) . The maximum permissible mercury concentration in edible 7sh tissue was set by the World Health Organization (1990) at 0.5 g Hg g\ 1 7sh tissue (wet mass basis).
Mercury pollution is now well recognized as one of the main environmental problems in tropical South America Nriagu et al., 1992; Pfeiffer et al., 1993; Malm et al., 1997; Veiga, 1997) . Although the accumulation of Hg in water, sediments, aquatic macrophytes, freshwater snails, 7sh, and 7sh-eating birds has been documented (e.g., Lacerda et al., 1991a; Pfeiffer et al., 1993; Hylander et al., 1994) , little is known about the transport and transformation of Hg under tropical conditions (Meech et al., 1995) and the long-term effect of past Hg releases on complex tropical ecosystems. Along with the threat to ecosystem health, there is also a threat to human health (Grandjean et al., 1993) . The accumulation of mercury in humans has two main pathways in the Amazon (Veiga, 1997): (1) miners and goldshop workers are exposed to vapors of metallic mercury and (2) nonoccupational groups are primarily exposed to methylmercury in 7sh. In Suriname, small-scale miners had elevated mercury levels of 27.5 g g\ 1 creatinine in their urine (De Kom et al., 1998) . In some Amerindian villages along the Marowijne River up to 79% of the children had abnormal high hair mercury levels 910 g g\ 1 due to the consumption of freshwater 7sh (Cordier et al., 1998) . Although 7sh is a major dietary component in many communities in Suriname (Chris Healy, personal communication), no data exist on the mercury content of 7sh. The present study had the objective to determine the extent of mercury contamination in Surinamese food 7shes from the mining areas, the hydroelectric reservoir Lake Brokopondo, and in areas upstream and downstream of the gold 7elds, including estuaries and the Atlantic Ocean.
MATERIALS AND METHODS
Study area. Suriname (capital Paramaribo) is situated in northern South America within 2}6@N and 54}58@W with Guyana to the west, French Guiana to the east, Brazil to the south, and the Atlantic Ocean to the north (Fig. 1) . Annual rainfall is close to 2200 mm and distinctly seasonal. The direction of surface winds is mainly northeast to southeast. The total land area of 164,000 km 2 is approximately 90% forest and at least 80% primary tropical rainforest (Sizer and Rice, 1995) . Three major geographical zones can be distinguished, from south to north: the hilly Precambrium Guiana Shield (80% of the land area) covered by high dryland rainforest, the savanna belt, and the 8at coastal plain. The Atlantic coast of Suriname is characterized by extensive mudbanks, the estuaries of large rivers, and the constantly west-to northwestward 8owing Guiana Current. Suriname is drained by seven rivers, from east to west: Marowijne River, Commewijne River, Suriname River, Saramacca River, Coppename River, Nickerie River, and Corantijn River (Amatali, 1993) . These large rivers may be characterized as clear-water rivers (terminology of Sioli, 1950) . A few tributaries of the large rivers have their catchment in the savanna belt and carry black water (e.g., Coesewijne River). The construction of a dam in the Suriname River in 1964 resulted in the large hydroelectric reservoir Lake Brokopondo (1560 km 2 ). Demonstrated gold occurrences in
FIG. 1.
Map of Suriname indicating sampling localities and greenstone belts with demonstrated gold occurrences. CSNR, Central Suriname Nature Reserve (control site); 1, Marowijne River; 2, Commewijne River; 3, Suriname River; 4, Saramacca River; 5, Coesewijne River; 6, Coppename River; 7, Nickerie River; 8, Corantijn River; 9, Lawa River; 10, Bigi Pan Lagoon; 11, Lake Brokopondo.
Suriname are associated with greenstone belts in the Precambrium Guiana Shield (Bosma et al., 1973) . The three principal gold mining areas are located in east Suriname: east and southeast of Lake Brokopondo, northwest of the reservoir on both sides of the Saramacca River, and west of the Lawa River near Benzdorp (Fig. 1) . Fish samples were collected in the gold mining areas, in streams that drain the gold mining areas, in Lake Brokopondo, in the estuaries of the Marowijne River, the Suriname (-Commewijne) River, and the Coppename (-Saramacca) River, and in the Atlantic Ocean (Fig. 1) . We also collected 7sh samples from a reference site in the Central Suriname Nature Reserve (16,000 km 2 ), one of the few remaining large areas of pristine tropical rainforest in the world (only one small village at the downstream edge of the park and no mining, agriculture, forestry, 7shing, or hunting).
Collection and identi=cation of =shes. Fish samples were collected in the period December 1997 to February 2000. We directed our sampling efforts mainly to carnivorous 7shes, especially piscivores (7sh-eating 7sh), because (1) piscivorous 7sh species are good indicators for monitoring mercury pollution as the highest mercury levels are expected in predators at the top of the food chain and (2) the more important Surinamese food 7shes are piscivorous species. Freshwater 7shes were collected with seines, gill nets, hook and line, and 7sh traps. Brackish-water and marine 7shes were procured fresh from 7shermen within 48 h after they returned from a 7shing trip. Fishes from the Atlantic Ocean were caught in water less than 50 m deep. The 7shes were labeled in the 7eld, packed in plastic bags, and stored on ice for transportation to Paramaribo.
In the laboratory, the 7shes were identi7ed with keys in Eigenmann (1912) , Mees (1974) , Kullander and Nijssen (1989) , Cervigon et al. (1993) , and Planquette et al. (1996) , and their length and fresh mass were determined. The trophic level of the 7sh species was established from data in Lowe-McConnell (1962 ), KnoK ppel (1970 , Saul (1975) , Fischer (1978) , Goulding (1980 Goulding ( , 1981 , Rojas-Beltran (1989) , Planquette et al. (1996) , Pattillo et al. (1997), and CorteH s (1999) . Information about migratory habits of the 7shes was taken from Lowe-McConnell (1964) , Godoy (1972) , Goulding (1980 Goulding ( , 1981 , Crabtree et al. (1992) , Barthem and Goulding (1997) , Winemiller and Jepsen (1998) , Cohen et al. (1999) , and Tito de Morais and Raffray (1999) .
Sample treatment and analytical procedures.
Samples of 50}60 g axial white muscle tissue were prepared from the 7shes with clean, stainless steel implements and stored in sealed plastic bags at !20@C prior to transport to Belgium for analysis of their mercury content. The samples were transported on ice by a courier within 2 months after collection. On arrival the samples were immediately stored at !20@C at the Laboratory of Analytical Chemistry and Applied Ecochemistry, University of Gent, Belgium, until analysis.
Subsamples of 0.1}0.5 g homogenized muscle tissue were dissolved in 4 ml 20% H 2 SO 4 and digested at 60@C until a clear solution was obtained. After cooling, the samples were further oxidized by the addition of 15 ml of 6% KMnO and allowance for the solution to stabilize for 24 h (Agemian and Cheam, 1978) . The total mercury content of the 7sh samples was determined by HPLC cold vapor atomic absorption spectrophotometry. Reproducibility and accuracy were determined by means of triplicate analyses and analyses of certi7ed reference standards. The detection limit of the method was 0.012 g Hg g\ 1 muscle tissue (wet mass basis). All values are reported on a wet mass basis.
Calculations and statistics. All data were tested for normality and homoscedasticity by Kolmogorov}Smirnov test. Data are presented as mean values$1 standard deviation (SD). Log-transformed mercury concentrations were used in all tests of signi7cance. Student's t test was used to assess the difference in the mercury content (1) between piscivorous 7shes and nonpiscivorous 7shes and (2) within a species between 7shes collected in areas potentially affected by gold mining and 7shes from the unpolluted control site. One-way ANOVA was used to assess differences in the mercury content of (1) 7sh species among collection localities and (2) trophic levels among the major habitats freshwater, estuaries, and ocean. The effect of length of the 7sh and date of collection on the mercury content of the 7sh was assessed for 7sh populations with more than nine samples per locality by use of linear regression analysis with the log-transformed mercury concentration as the dependent variable. Signi7-cance was accepted when P:0.05.
RESULTS

Mercury concentration in freshwater =shes.
We determined the mercury content of 293 freshwater 7shes from sites potentially affected by mining activities and 25 7shes collected at the reference site (Tables 1 and 2 ). Although at the reference site the mercury content of all except 2 7shes was :0.5 g Hg g\ 1 muscle tissue, the peacock cichlid Cichla ocellaris (0.39$0.16 g g\ 1 ) and the piranha Serrasalmus rhombeus (0.35$0.14 g g\ 1 ) showed quite high mercury levels. Piscivorous 7shes had a higher mercury content than nonpiscivorous species, both at sites potentially affected by gold mining 
Note. Trophic levels are benthic invertivores (B), detritivores (D), herbivores (H), piscivores (P), and zooplanktivores (Z). Migratory
7shes (M) with large-scale longitudinal migrations in rivers are distinguished from resident (R) 7shes with only restricted lateral movements. ? M. atlanticus is a catadromous species; i.e., juveniles live in freshwater while spawning is restricted to offshore waters (Crabtree et al., 1992) .
were found in two piranhas S. rhombeus caught in Lake Brokopondo (3.13 and 4.62 g g\ 1 ). When the mercury content of the piscivorous 7shes was compared among different collection sites (Table 3) , only S. rhombeus (F"10.004, P:0.0001), the freshwater croaker Plagioscion squamosissimus (F"5.595, P:0.001), and the large erythrinid Hoplias aimara (F"4.621, P:0.05) showed signi7cant differences in their mercury content. The mercury content of C. ocellaris in the Suriname River and in Lake Brokopondo was not signi7cantly different from the mercury content of this species in the unpolluted Central Suriname Nature Reserve. Mercury levels in P. squamosissimus, H. aimara, and S. rhombeus (with the exception of 7shes from the Saramacca River) from areas potentially affected by gold mining were always higher than in 7shes collected at the reference site (Table 3) . High mercury levels were measured in S. rhombeus from the Coesewijne River (1.75$0.16 g g\ 1 , n"2), Lake Brokopondo (1.18$0.62 g g\ . The mercury concentration in S. rhombeus and C. ocellaris from lake Brokopondo differed among collection sites in the lake (P:0.01 with both species pooled): 7shes from two eastern localities near the mouth of creeks draining the gold 7elds showed higher mercury levels (1.32$0.83 g g\ 1 , n"24) than 7shes from two western localities in the lake , n"81). Mercury levels were positively correlated with the length of the 7sh in H. malabaricus from the Saramacca River (P:0.001, r"0.694), P. squamosissimus from the Marowijne River (P:0.05, r"0.536), and S. rhombeus from Lake Brokopondo (P:0.05, r"0.258) ( Table 4) . No signi7cant relationship was found between the date of collection and the mercury content of the 7sh (Table 4) .
Mercury concentration in estuarine and marine
=shes. Mercury levels were determined in 219 brackish-water and marine 7shes from lagoons, estuaries, and the Atlantic Ocean (Table 5 ). In the Bigi Pan Lagoon in northwest Suriname, the piscivores snook Centropomus undecimalis and tarpon Megalops atlanticus presented low mercury levels near the detection limit (0.04$0.01 and 0.03$0.01 g g\ 1 , respectively). Brackish-water cat7sh from the estuaries and Atlantic Ocean had slightly higher mercury levels than lagoon 7shes (Table 5 ), but only four specimens (8.9%, n"45), all collected in the estuaries, showed mercury levels 90.5 g g\ Table 6 ).
In the Atlantic Ocean, 4 sharks (44.5%, n"9) and 17 teleosts (16.8%, n"101) had a mercury content 90.5 g g\ , n"13) ( Table 5 ). The highest mercury concentration (1.54 g g\ 1 ) was found in a crevalle jack C. hippos. With sharks and marine teleosts pooled, the mercury content of marine 7shes did not differ between piscivorous and nonpiscivorous species (0.34$0.31 and 0.29$0.18 g g\ 1 , respectively; P"0.668).
Mercury levels were positively correlated with the length of the 7sh in Arius couma (P:0.01, r"0.624) and C. virescens (P:0.05, r"0.904) from the Suriname River Estuary, M. ancylodon from the Coppename River Estuary (P:0.01, r"0.780), and S. guachancho from the Atlantic Ocean (P:0.01, r"0.724) ( Table 4 ). In the period December 1997}February 2000, mercury levels decreased in time in C. virescens from the Suriname River (Table 4) . When mercury levels are compared among the three major habitats, freshwater, estuaries, and Atlantic Ocean, the highest Hg concentrations were found in freshwater piscivores (Table 7) . It is remarkable that mercury levels were signi7cantly higher in marine 7shes than in estuarine 7shes (for both piscivorous and nonpiscivorous trophic levels) and that the mercury levels of nonpiscivorous marine 7shes were even higher than mercury levels in nonpiscivorous freshwater 7shes.
DISCUSSION
Mercury contamination of 7sh has received more attention from researchers than any other aspect of mercury pollution in the Amazon, but there is no general agreement on the origin of the mercury in the 7sh. Although traces of cinnabar have been found in ferritic material with a low mercury content in a restricted area west of the Marowijne River, large mercury deposits are not known in Surinamese rock formations (Bosma et al., 1973) . In French Guiana, Roulet and Lucotte (1995) found relatively high mercury concentrations (0.122}0.318 g g\ 1 dry mass) in the surface horizons of ferralitic rainforest soils. Mercury is also present in bauxite (0.040}0.350 g g\ 1 dry mass; 24 samples of Nassau Mountains bauxite), but the 50 kg Hg year\ 1 that is estimated to be released during the re7ning of 3,880,000 metric tons of bauxite is stored for recycling (Irene Tholen, Suriname Aluminum Co., personal communication). Both small-scale gold mining and deforestation have been recognized as major factors contributing to the high mercury emissions in the Amazon (Veiga et al., 1994) . In Suriname, mercury emissions from small-scale gold mining are estimated at 20,000 kg year\ 1 for 1998 and 1999. Meech et al. (1995) . In Suriname, with a deforestation rate of 0.1% year\ 1 (Sizer and Rice, 1995) and a shifting cultivation area of 0.9% (Sizer and Rice, 1995 ; approximately one-tenth of this area is burned each year), the Hg emissions from deforestation and shifting cultivation are estimated at 1.5;0.001; 164,000"246 kg year\ 1 and 0.2;0.001;164,000
"33 kg year\ 1 , respectively. Thus the estimated mercury emission from biomass burning is two orders of magnitude lower than the Hg emission from small-scale gold mining. Deforestation is for the greater part restricted to the densely populated coastal plain, whereas gold mining occurs in the interior of the country.
Mercury levels in 7sh vary widely due to factors such as Hg input to the water, physical and chemical characteristics of the water, and trophic level, species, and age (size) of the 7sh (WHO, 1990). Johnels et al. (1979) suggested that about 0.2 g g\ 1 in 7sh muscle tissue represents the ''natural'' background level of mercury for a 1-kg piscivorous 7sh. However, in tropical black-water rivers background levels may be much higher, possibly 0.7 g g\ 1 in piscivorous 7sh from the Rio Negro (Forsberg et al., 1994) . Mercury levels in short-lived species feeding at lower trophic levels in freshwater or saltwater are much lower, usually less than 0.05 g g\ 1 .
The background mercury levels in the piscivores C. ocellaris (0.39 g g\ 1 ; Table 2 ) and S. rhombeus (0.35 g g\ 1 ) from the pristine Central Suriname Nature Reserve are high compared with background Hg levels reported in Amazonian clear-or white-water rivers, e.g., 0.07}0.25 g g\ 1 in C. ocellaris from the Tapajos River System and 0.06 g g\ 1 in S. rhombeus from the Bento Gomes River, Pantanal (Lacerda et al., 1991a) . Although both C. ocellairs and S. rhombeus may show some restricted localized movement upstream into large creeks during the rainy season (Lowe-McConnell, 1964 ), large-scale longitudinal migrations are not known in piranhas and peacock cichlids (Goulding, 1981; Winemiller and Jepsen, 1998; Cohen et al., 1999) . Therefore, it seems plausible that the mercury in C. ocellaris and S. rhombeus is derived from sources in the Central Suriname Nature Reserve itself. The high background levels may be explained by the high mercury concentrations in Guianan rainforest soils (Roulet and Lucotte, 1995) , atmospheric transport of mercury vapor (Lacerda et al., 1991b; Allan, 1999) by eastern trade winds from the gold 7elds in east Suriname to the Central Suriname Nature Reserve, and environmental conditions in Amazonian aquatic ecosystems that favor high rates of Hg methylation and accumulation of mercury in the food chain (i.e., high bacterial activity, acidic water with low conductivity and fast turnover, and high concentrations of organic matter; Lacerda et al., 1989; Morel et al., 1998) .
The mercury levels in freshwater 7shes from Surinamese rivers potentially affected by gold mining were on the same order of magnitude as the Hg levels found in 7shes from contaminated rivers in the Amazon, e.g., Madeira Malm et al., 1990 Malm et al., , 1995b Malm et al., , 1997 , Tapajos (Akagi et al., 1995b; Malm et al., 1995a Malm et al., , 1997 , Itacaiunas} Parauapebas (Lacerda et al., 1994) , and Tartarugalzinho (Bidone et al., 1997) . Fish from mining sites in the Pantanal (Lacerda et al., 1991a; Hylander et al., 1994) and the Cuyuni River in Venezuela (Nico and Taphorn, 1994) show distinctly lower mercury levels than contaminated freshwater 7shes in Suriname. Mercury levels in nonpiscivorous 7shes from contaminated neotropical rivers were :0.1 g g\ 1 (e.g., Lacerda et al., 1991a Lacerda et al., , 1994 Malm et al., 1997 ; but see Bidone et al., 1997) and lower than the average mercury content in nonpiscivorous species from Surinamese rivers (0.19 g g\ 1 ). The high mercury content found in piscivorous 7shes from Amazonian rivers is probably the result of biomagni7cation of methylmercury through the food chain. In Suriname, piscivorous freshwater 7shes from potentially contaminated sites showed an average mercury level of 0.71 g g\ 1 (0.06}4.62 g g\ 1 ) and 57% of the 7shes had mercury levels 90.5 g g\ 1 . The average mercury content of piscivorous 7shes from the Madeira and Tapajos rivers was 0.85}0.90 and 0.48}0.55 g g\ 1 , respectively (Malm et al., ,b, 1997 . Akagi et al. (1995b) found in 58% of their 7sh samples from the Tapajos River (all piscivores) mercury levels 90.5 g g\ 1 , but in the Itacaiunas}Parauapebas River only 28% of the piscivorous 7shes had a mercury content 90.5 g g\ 1 (Lacerda et al., 1994) . (Abernathy and Cumbie, 1977) . The source of the mercury in the reservoirs seems to be the soil, and Roulet and Lucotte (1995) showed that Guianan rainforest soils release 20% of their Hg content after inundation. However, Abernathy and Cumbie (1977) found that the elevated mercury levels in 7sh from reservoirs not subject to mercury contamination appeared to be transitory, declining within 3 to 5 years after the 7lling of the reservoir. Lake Brokopondo is a relatively old reservoir (1964) subject to mercury contamination from creeks draining the gold 7elds east and southeast of the lake (Fig. 1) . The high mercury levels in piranhas and peacock cichlids from Lake Brokopondo were to some extent related to gold mining because 7shes collected at eastern sites (i.e., near the mouth of creeks draining the gold 7elds) showed higher mercury concentrations than 7shes from western localities in the lake. The mercury levels in C. ocellaris from Lake Brokopondo (0.16}2.52 g g\ 1 ) were higher than the Hg concentrations in C. ocellaris from Samuel Reservoir in the Rio Madeira River System (0.2}0.6 g g\ 1 ; . However, the Samuel Reservoir area had no historic gold mining activity and Hg levels in C. ocellaris were still increasing with time in this young reservoir. The mercury content in C. ocellaris and S. rhombeus from Lake Bokopondo did not change signi7cantly during the present 2-year study (Table 4) . Lacerda et al. (1994) found a signi7cant positive correlation between Hg content and 7sh weight in the piranha Serrasalmus nattererii and the large cat7sh Paulicea lutkeni. A positive relationship between Hg concentration and 7sh size was also found in piranhas, peacook cichlids, and the freshwater croaker P. squamosissimus from Surinamese rivers, in estuarine species such as the cat7sh A. couma and the croakers C. virescens and M. ancylodon, and in the barracuda S. guachancho from the Atlantic Ocean (Table 4) . A positive correlation between mercury level and size (age) of the 7sh is strong evidence of Hg methylation and bioaccumulation of methylmercury through the food chain (Huckabee et al., 1979) . Lacerda et al. (1994) also noted that among piscivorous species those represented typically by large individuals showed higher mercury concentrations than smaller species. In most studies of mercury contamination in Amazonian 7sh the highest mercury levels (92.0 g g\ 1 ) were found in large cat7sh species (910 kg): e.g., 2.30 g g\ 1 in Paulicea (Lacerda et al., 1994) , 2.85 and 3.82 g g\ 1 in two Brachyplatystoma =lamentosum (Akagi et al., 1995b) , and 2.10 and 2.70 g g\ 1 in Brachyplatystoma and Pseudoplatystoma, respectively (Malm et al., 1990) . In the present study, high mercury levels 92.0 g g\ 1 were frequently found in much smaller species (:3 kg) such as the piranha S. rhombeus (4.62 g g\ 1 ), the peacock cichlid (2.52 g g\ 1 ), and the freshwater croaker P. squamosissimus (2.01 g g\ 1 ) ( Table 1 ). These extreme mercury concentrations in relatively smallsized freshwater piscivores indicate a high level of mercury pollution in Surinamese rivers.
With a few exceptions, mercury levels in brackishwater and marine 7sh species in Suriname (Table 5) were low compared to freshwater species. Very low mercury concentrations (0.03}0.04 g g\ 1 ) near the detection limit were found in the piscivores snook C. undecimalis and tarpon T. atlanticus from the Bigi Pan Lagoon in northwest Suriname. Only at spring tides is the Bigi Pan Lagoon connected to the Atlantic Ocean via a few small creeks. The isolated location of the Bigi Pan Lagoon$200 km to the northwest of the nearest gold 7elds will probably limit mercury contamination via atmospheric transport (e.g., Johnels et al., 1979) or via the Guiana Current. Mercury concentrations were higher in brackish-water cat7sh (0.06}0.69 g g\ 1 ) and sciaenids (0.03}0.63 g g\ 1 ) from the estuaries of four Surinamese rivers (i.e., more than 100 km downstream of the gold 7elds). Average mercury levels in the cat7shes Arius felis (0.43 g g\ 1 ) and Bagre marinus (0.66 g g\ 1 ) and in the croaker Cynoscion arenarius (0.53 g g\ 1 ) from South Florida estuaries (Kannan et al., 1998) were slightly higher than those in related species from Surinamese estuaries. Nriagu et al. (1992) suggested that nearly 70% of the mercury released into the Madeira River was exported downstream as far as the Amazone River, i.e., 1000 km downstream, where elevated mercury levels occurred in sediments at the con8uence. However, the mercury content of the large cat7sh Brachyplatystoma vaillantii from the Suriname River Estuary (0.33 g g\ 1 ) was low compared to the mercury levels 92.0 g g\ 1 found in Brachyplatystoma species from contaminated Amazonian rivers (Malm et al., 1990; Akagi et al., 1995b) .
Mercury levels in marine 7shes off Suriname were higher than those in estuarine 7shes (Table 7) . The high average mercury levels detected in some piscivorous species such as the shark M. higmani Table 5 ) were also reported in other studies of large, long-lived marine 7sh such as tuna, sword7sh, and sharks (WHO, 1990; Hueter et al., 1995) . In Florida, the sharks Carcharhinus acronotus (0.53 g g\ 1 ) and Carcharhinus limbatus (1.30 g g\ 1 ) showed higher mercury levels than those in Suriname, but the specimens examined by Hueter et al. (1995) were relatively large (9150 cm) compared to the specimens from Suriname (:100 cm). Although the high mercury concentrations in Surinamese sharks and other large marine piscivores may to some extent represent high background levels (Johnels et al., 1979) ; WHO, 1990) . In Florida, Kannan et al. (1998) found much lower mercury concentrations in Haemulon plumieri (0.11 g g\ 1 ) and Lutjanus synagris (0.13 g g\ 1 ) than those reported in the present study. The 7ne sands and clays of the Surinamese coastal plain are of Amazonian origin, the material being transported by the Guiana Current, and it may thus be hypothesized that the relatively high mercury concentrations in marine 7shes off Suriname may to some extent also 7nd their origin in Hg emissions from the gold 7elds in Brazil.
Mercury contamination in humans has been reported for Amazonian gold mining areas Malm et al., 1995a; Kehrig et al., 1997) . This contamination, re8ected by higher mercury concentrations in body indicators (e.g., hair, urine, and blood), was also found in Surinamese gold miners (De Kom et al., 1998) and in Amerindian communities along the Marowijne River (Cordier et al., 1998) . The consumption of 7sh is considered one of the main pathways of mercury intake by humans in Amazonia Cordier et al., 1998) . Unfortunately, piscivorous 7shes are an important component in the diet of people living in the interior of Suriname. When the water level is low in the dry season and 7shes are easy to catch, Amerindians may consume three 7sh meals per day (C. Healy, personal communication). Malm et al. (1995a) pointed out that the safe limit for 7sh consumption of 0.5 g Hg g\ 1 7sh (WHO, 1990) was established for an average daily 7sh intake of about 60 g, which is probably well below the average 7sh ingestion of people living in the interior of Suriname. Although a detailed study of consumption patterns (seasonality in diet composition, 7sh species, and quantity consumed) is necessary, the high mercury levels in both piscivorous freshwater 7shes (this study) and hair of Amerindians (Cordier et al., 1998) point to a high environmental mercury exposure and risk of mercury poisoning for people living in the interior of Suriname. With a permissible tolerable weekly intake of methylmercury for adults maintained at 200 g or 3.3 g kg\ 1 body weight (WHO, 1990) it can be calculated that piscivorous 7shes from contaminated Surinamese rivers should not be consumed on a daily or even a weekly basis. Johnels et al. (1979) demonstrated that when measures have been taken to reduce the pollution by mercury, levels in 7sh and wildlife have decreased. However, they also warned that once measures have been taken against certain uses of mercury (e.g., in small-scale gold mining) the fact remains that increasing amounts of mercury are being released into the environment through other processes (e.g., deforestation, combustion of fossil fuels) and that adequate monitoring by analysis of organisms will be necessary.
